Background: Yoga and mindfulness-based programs are becoming increasingly popular as a supplemental intervention for children and adolescents with autism spectrum disorders (ASD). Increasing numbers of children, parents, and schools are participating in programs around the country with an enthusiasm that far exceeds the research support for their efficacy. Therapies that are safe but not effective may not cause immediate harm. Nevertheless, the misappropriation of limited time and financial resources may result in missed opportunities. The need for clearly defined, evidence-based therapies for youth with ASD is essential. Method: Electronic databases were searched for peer-reviewed intervention research studies using the key words autistic or autism in combination with yoga, mindfulness, or meditation. Eight studies met inclusion criteria. Results: The findings are described in this critical review of eight empirical research studies that implemented yoga and mindfulness-based interventions for children with ASD. Although few studies reported improvements in core symptoms of ASD, preliminary findings suggest that yoga and mindfulness-based interventions are feasible and may improve a variety of prosocial behaviors, including communication and imitative behaviors; increased tolerance of sitting and of adult proximity; self-control; quality of life; and social responsiveness, social communication, social cognition, preoccupations, and social motivation. Reductions in aggressive behaviors, irritability, lethargy, social withdrawal, and noncompliance were also reported. Conclusions: Based on the available literature, the empirical evidence to support the efficacy of yoga and mindfulnessbased interventions for children and adolescents with ASD is inconclusive. The current body of research has significant limitations, including small sample sizes, no fidelity measures, and no control groups. Each of the eight studies, however, reported some positive effects on social, emotional, or behavioral metrics. These early results are promising and sufficient to warrant support for further research.
Introduction
Autism Spectrum Disorder (ASD) is a general term for a group of complex disorders of brain development. An estimated 1 in 68 school-aged children have been identified as having ASD, which occurs about 4.5 times more frequently in boys than in girls (Christensen et al., 2016) . Diagnostic criteria include persistent deficits in social communication and social interaction across multiple settings along with restricted, often repetitive patterns of behavior, interests, or activities (DSM-5; American Psychiatric Association, 2013) . Nearly 28% of youth with ASD engage in self-injurious behaviors, which may include head banging, hair pulling, biting, eye poking, and skin scratching (Soke et al., 2016 ). Many also demonstrate aggressive behaviors toward family members or other children. Youth with ASD characteristically display decreased motor coordination, body awareness, and sensory integration.
Yoga practices and other body-focused mindfulness interventions have recently been considered as interventions for children with ASD and may be helpful in managing repetitive, self-injurious, or aggressive behaviors. Standard yoga and mindfulness instructions, however, may be difficult for youth with ASD to understand. Especially for youth lower on the developmental spectrum, practice sessions can sometimes be too long to sustain the attention of ASD children and the language is often too abstract. Communications may be nonverbal, so children may struggle with auditory directions and need more visual cues. Adaptations must be developmentally appropriate. Children with ASD sometimes exhibit atypical sensory processing that can trigger a sympathetic nervous system response (i.e., fight, flight, or freeze response) that increases heart rate and respiration, and diverts blood from the digestive system to the skeletal muscles (Marco, Hinkley, Hill, & Nagarajan, 2011) . Yoga and mindfulness practices have long been known to produce what Benson (1975) called the "relaxation response" and have been shown to stimulate the parasympathetic nervous system, which reduces heart rate, pulse, blood pressure, and respiration (Ditto, Eclache, & Goldman, 2006; Jain et al., 2007) . In addition, these practices enhance attention and affective self-regulation in both community and clinical populations (Jensen, Vangkilde, Frokjaer, & Hasselbalch, 2012; Ortner, Kilner, & Zelazo, 2007; Semple, 2010; Semple, Lee, Rosa, & Miller, 2010; Semple, Reid, & Miller, 2005; Tang et al., 2007) . Parents, teachers, and peers often find lack of eye contact, hyperactivity, and resistance to change difficult to manage (Arnold, Semple, Beale, & Fletcher-Flinn, 2000; Lord & Magill-Evans, 1995) .
The physiological effects of yoga and mindfulness practices may therefore have great relevance for children and adolescents with ASD, although a few words of caution are in order. Some researchers (e.g., Porges, 2003) have proposed a shared underlying mechanism between ASD and posttraumatic stress disorder (PTSD), namely dysregulation of the vagal system, which influences regulation of organs such as the heart, the HPA axis, and the immune system. Research on mindfulness-based therapies for treating PTSD has raised concerns that mindfulness may have the potential to increase anxiety symptoms, exacerbate restlessness and agitation, and increase cognitive disturbances (Lustyk, Chawla, Nolan, & Marlatt, 2009) . Sensory processing concerns are a key characteristic of ASD, and distress caused by particular sensory stimuli may precipitate self-injurious and aggressive behaviors (Marco et al., 2011) . Intentionally focusing awareness on body sensations, which is common in yoga practices and the body scan technique used in many mindfulness programs, may increase physical discomfort and agitation if not facilitated with sensitivity and care (Semple & Madni, 2014) .
Method
The electronic databases OneFile (GALE), ProQuest, MedLine/ PubMed, Education Collection, and ERIC were searched for peer-reviewed articles using the key words autistic or autism in combination with yoga, mindfulness, or meditation. From these databases, 46 peer-reviewed journal articles were found.
Studies were included for review if they were (a) an empirical study that evaluated the effectiveness of a yoga, movement-oriented, or mindfulness-based intervention for youth diagnosed with ASD, and (b) written in English. The following papers were excluded: (a) conference abstracts, posters, or theses; (b) those not relevant to an ASD population; (c) not an intervention study; and (d) theoretical or review articles. The reference lists of the theoretical and review articles were examined and two additional studies were found. A total of eight studies met inclusion criteria. These studies are presented in chronological order by date of publication. Table 1 provides a summary description of each study.
Results
Six children with ASD (ages 8-14) and their parents participated in a small 10-month pilot program of a specially designed yoga program: Integrated Approach to Yoga Therapy (IAYT) that consisted of five weekly sessions of yoga and regular home practice. The authors reported improvements in communication, imitative behaviors, and motor control (Radhakrishna, 2010) . In an extension of that study (Radhakrishna, Nagarathna, & Nagendra, 2010) , six ASD children age 8 to 14 received 15 hr of Applied Behavior Analysis-based (ABA) training plus 5 hr of IAYT per week for two 10-month academic years (with a 2-month summer gap). The authors reported that six matched controls received only the 15 hr of ABAbased training. No data were provided on the means of selection of six children from a pool of 42 who met inclusion/exclusion criteria for the intervention arm. In addition, although Radhakrishna et al. (2010) indicated that six matched "ABA only" controls were also selected, no demographic or outcome data were provided for this group. Therefore, the study is described here as an uncontrolled open trial (N = 6). Reported findings included increased tolerance of sitting, adult proximity, and subsequent socialization. Based mostly on observation and qualitative feedback, the combination of physical exercise with verbal communication appeared to have increased the children's imitation skills, verbal receptive skills, and expressions. Comprehension of spatial commands (e.g., left, right, front, back, up, down) may also have improved.
Nirbhay Singh and his colleagues have conducted a number of studies using a mindfulness technique known as "Meditation on the Soles of the Feet" (SoF) to help manage aggressive impulses of youth with intellectual or developmental disabilities, or mental illness. Two of these were multiple baseline across subjects research designs that focused on adolescents. In the first, three adolescents (ages 13-18) with Asperger Syndrome were taught to shift their attention away from the intense emotions that might trigger aggressive behaviors toward a neutral stimulus -the soles of the feet. The training and mindfulness practice lasted between 17 and 24 weeks . Findings indicated that all three adolescents reduced their aggressive behaviors and maintained the improvements though a four-year follow-up. A second, similarly designed study, again with three adolescents (ages 13-17) diagnosed with ASD were taught the same SoF technique for 23-30 weeks. Significantly fewer incidents of physical aggression were reported, with the improvement in behavior maintained during a three-year followup (Singh, Lancioni, Manikam, et al., 2011) . These multiple baseline designs, although not demonstrating rigorous experimental control, do support an inference that SoF effected the reduction of aggressive behaviors.
In another open pilot trial, 24 children aged 3 to 16 years participated in an 8-week multimodal yoga, dance, and music therapy. Two parent-reported scales on the Behavior Assessment System for Children, 2nd edition (BASC-2; Reynolds & Kamphaus, 2004) showed significant pre-post changes -the Behavioral Symptom Index composite scale and the Atypicality subscale (Rosenblatt et al., 2011) . The number of sessions attended ranged from 1 to 8 (approximate M = 5.8); however, number of sessions attended did not appear to influence any of the outcomes. One interesting finding of this study was that a subgroup of latency-age children (ages 5 to 12) demonstrated significantly greater posttreatment changes than did the entire cohort, Radhakrishna et al. (2010) indicated that six matched "ABA only" controls were also selected, no demographic or outcome data were provided for this group. Therefore, this study is described here as an uncontrolled open trial (N = 6).
b Demographic information was provided only for the completion sample (N = 40).
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doi:10.1111/camh.12295 Yoga and mindfulness for youth with ASDsuggesting that during this developmental period, children with ASD may have greater receptivity to the movement and sound activities emphasized in this program. The Get Ready to Learn (GRTL) program was evaluated in a nonrandomized controlled trial. This study evaluated 46 children ages 5 to 12 years with ASD (Koenig, Buckley-Reen, & Garg, 2012) . The GRTL program consists of 16 weeks of daily sessions, each lasting 15 to 20 min. Eight elementary school classrooms were nominated by school administrators and then matched on adaptive functioning. Four classrooms were selected to receive GRTL and were compared to four "education-as-usual" control classrooms. Findings included significant reductions in irritability, lethargy, and hyperactivity and lower rates of social withdrawal and noncompliance in the children who completed the program. Koenig and her colleagues suggested that incorporating GRTL into the school day could "maximize academic engagement and optimize classroom time" (Koenig et al., 2012) .
Children with ASD often exhibit emotional and behavioral self-control problems. One randomized controlled trial compared Nei Yang Gong (NYG), which is a traditional Chinese mind-body activity, to conventional Progressive Muscle Relaxation (PMR; Jacobson, 1977) to examine self-control in children with ASD (Chan, Sze, Siu, Lau, & Cheung, 2013) . Forty-six age-and IQmatched ASD children were randomly assigned to receive training in one modality. Group trainings were conducted twice weekly for 4 weeks, with daily practice encouraged. Self-control was measured using three neuropsychological tests and parental ratings. In addition, the underlying neural mechanism of self-control was examined pre-and post-intervention using EEG activity during an inhibitory-control task (a Go/No-go task). On all three neuropsychological tests, the NYG group showed significantly greater improvements in self-control and less impulsivity in problem-solving than did the PMR group. These findings were consistent with parental reports of increased control of temper and behaviors. In addition, the NYG group showed enhanced EEG activity in the rostral anterior cingulate cortex (a region that mediates self-control), whereas the PMR group did not. All statistical analyses were done on the completion sample (N = 40) rather than the intent-to-treat sample (N = 46), which can inflate the estimate of treatment effects (Gupta, 2011) .
MYmind is an 8-week group therapy for teens with ASD and their parents, during which breathing meditations, mindfulness exercises, and yoga are taught (B€ ogels & Restifo, 2014) . In one small open pilot trial, 23 adolescents with ASD received nine weekly sessions of an adapted MYmind program in a group format while parents (18 mothers, 11 fathers) participated in parallel Mindful Parenting training (de Bruin, Blom, Smit, van Steensel, & B€ ogels, 2015) . Assessments were conducted pre-, post-, and 9-weeks following the intervention. Adolescents reported an increase in quality of life and decreases in rumination, but no changes in worry, ASD core symptoms, or mindful awareness. Although parents reported no changes in ASD core symptoms, they did report improvements in social responsiveness, social communication, social cognition, social motivation, and eye contact. It was not clear why the authors excluded these outcomes from their definition of ASD core symptoms. Parents also felt their children made better contact with peers and were more flexible and less obsessive in their thinking.
Discussion
A limited amount of research suggests that yoga and mindfulness-based interventions are associated with beneficial outcomes for youth with ASD (Carsley, Khoury, & Heath, 2017; Klingbeil et al., 2017; Zoogman, Goldberg, Hoyt, & Miller, 2015) . However, the limited research on these interventions for children with ASD restricts the conclusions that can be drawn. Only eight studies were identified that have evaluated the effects of yoga and mindfulness-based interventions for children or adolescents with ASD. Most of the studies did not directly measure core symptoms of ASD, although physiological relaxation may be associated with reductions in repetitive behaviors. One study reported no improvements in core symptoms (de Bruin et al., 2015) , albeit parents did report improvements in social communications.
Preliminary findings do suggest that yoga and mindfulness-based interventions are feasible and may improve a variety of prosocial behaviors, including communication and imitative behaviors; increased tolerance of sitting and of adult proximity; self-control; quality of life; and social responsiveness, social communication, social cognition, preoccupations, and social motivation. Reductions in aggressive behaviors, irritability, lethargy, social withdrawal, and noncompliance were also reported. All eight studies reviewed were relatively small, however, and contain significant methodological limitations. Only two studies included a control group (Chan et al., 2013; Koenig et al., 2012) . Only one of these (Chan et al., 2013) used an active comparison control and randomized participants to groups as recommended in the CONSORT Statement (Boutron, Moher, Altman, Schulz, & Ravaud, 2008) . The multiple baseline design used in two of the studies (Singh, Lancioni, Manikam, et al., 2011; does allow for some inference of a causal relationship between the mindfulness intervention and the assessed outcomes. However, both of those studies had just three participants, which constrain the generalizability of the findings (Tawney & Gast, 1984) . Based on the available research, therefore, the evidence for the effectiveness of yoga and mindfulness-based interventions for children with ASD must be considered inconclusive.
Although there is only meager evidence to suggest that yoga and mindfulness interventions improve core symptoms of ASD, early indications suggest that these interventions are feasible and may have some effectiveness in managing commonly comorbid mental health problems and reducing aggressive behaviors. Before any claims can be made about the efficacy of these interventions for this population, however, more rigorous research is needed. Future studies should use larger, sufficiently powered sample sizes, include active comparison control groups, randomize participants to groups, develop manualized interventions with fidelity checks, use blinded raters, and assess outcomes using validated, standardized measures that assess both the core symptoms of ASD and the comorbid psychological and behavioral symptoms. Larger multiple baseline designs would be useful to evaluate the effectiveness of these interventions for self-injurious or dangerous behaviors, when using no-treatment controls, or when reversing the effects of treatment is problematic.
Mindfulness is a multifaceted construct and the assessment of mindfulness for youth is currently based primarily on self-report questionnaires (Goodman, Madni, & Semple, 2017) . It seems likely that mindfulness practice alters the structure and functioning of children's developing bodies and brains in ways as yet unknown. Including psychophysiological and neuropsychiatric outcome measures would advance our understanding of physical and neurological mechanisms of change (Goodman, Madni, & Semple, in press ).
Methodological limitations notwithstanding, the few studies that have been conducted do show sufficient promise to warrant the conduct of additional research. At this time, we have no standardized interventions, no measures of fidelity, and no outcome measures to assess the efficacy of yoga and mindfulness-based interventions in the treatment of children and adolescents with ASD. We have no indication of the relative merits of school versus clinical settings; no knowledge about the intensity, duration, or frequency of sessions that might be optimal; what age range might be most responsive to treatment; or the influence of caregiver or teacher involvement. Well-designed and carefully described intervention studies can begin to address these questions.
